Impact of sugar factory effluent on the growth and biochemical 1 characteristics of terrestrial and aquatic plants 2 3
Abstract : The physico-chemical characteristics of the sugar industry effluent were 4 measured and some of them found that above the permissible limits of Indian irrigation 5 water standard. Pot study was first investigated to study the effect of different 6 concentrations (20, 40, 60 , 80 and 100%) of sugar factory effluent on seed germination, 7 seedling growth and biochemical characteristics of green gram and maize. Similar study 8 was also carried out using the aquatic plants water hyacinth and water lettuce. Higher 9 concentration (above 60%) of the effluent affected the plant growth. Diluted effluent (up to 10 60%) favored seedling growth. 11 12
Key words : Sugar factory effluent, green gram, maize, water hyacinth, water lettuce. 13 14 The sugar industry is playing an important role in the economic development of the Indian 15 sub continent, but effluents released by them produce a high degree of organic pollution in 16 aquatic and terrestrial ecosystems. They also alter the physico-chemical characteristics of 17 the receiving aquatic bodies and affect aquatic flora and fauna. The sugar factory effluent in 18 the environment, poses serious health hazard for the rural and semi-urban population that 19 uses the stream and river water for agriculture and domestic purposes. There have been 20 reports of fish mortality in the stream and river, and also damage to the paddy crops in this 21 area due to the entry of these wastewaters in to the agricultural land (Baruah et al. 1993 ). 22 The sugar factory effluent has obnoxious odour and unpleasant colour, when it is released 23 into the environment without proper treatment. Farmers have been using these effluents for 24 irrigation and found that the growth, yield and soil health were reduced. The study for aquatic system, healthy water hyacinth (Eichornia crassipes) and water 20 lettuce (Pistia stratiotes) were collected from a pond with an average weight of 60 gram 21
and then washed thoroughly with distilled water to remove particles adhering to the plants. 22 Further, sugar factory effluent with five different concentrations (20, 40, 60, 80 and 100%) 23
were prepared and transferred about 1.5 litres into rectangular plastic vessels (25 x 15 x 12 24 cm). The cleaned plants (60g each) were introduced into the vessels with the roots 25 submerged in the effluent and were kept under sunlight for 20 days. The fresh weight of the 26 plants was determined using physical balance every 24h after removing water by blotting. The 27 fresh and dry mass of the plants, total amino acid, total protein and total chlorophyll were 28 estimated at final stage of the study (20 th day). The procedure applied was similar to that 29 described earlier for the determination of physical and biochemical properties of the plants. 30 All the experiments were conducted in triplicate unless otherwise stated. 
44
The seeds of green gram and maize were germinates 100% in the sugar factory effluent at 1 the lower concentrations (20 to 80%), whereas in the undiluted effluent the germination 2 was found that 73 and 80% (Table 2) . Ajmal and Khan (1983) proved, the lower 3 concentration of effluent (25%) supports 100% seed germination and osmotic pressure 4 associated with higher concentration of sugar factory effluent affect the germination in 5 kidney bean, Phaseolus aureus and millet, Pennisetum typhoides. Rodger et al. (1957) 6 reported that high osmotic pressures of the germination solution makes imbibitions more 7 difficult and retard germination, while the ability of seeds to germinate under high osmotic 8 pressure differs with variety as well as species. 9 10 The maximum shoot length of green gram and maize was observed in control followed by 11 20, 40, 60, 80 and 100% concentrations of the effluent ( In the aquatic system, water hyacinth plant showed a gradual decrease in plant weight 38 throughout the study with effluent concentrations 80 and 100% (Fig. 2a) . Weight of control 39 plant increased from 60 to 93.3g after 20 days. In 20, 40 and 60% concentrations the plant 40 weight gradually increased up to 85.4, 84.2 and 77.6g after 20 days. After 10 days the 41 weights remained more or less constant. There was a decrease in plant weight at 80% and 42 100% effluent concentrations. Similar results were observed in the aquatic plant, water 43 lettuce (Fig. 2b) . The maximum loss of weight was observed in 100% concentration, whereas 44 in the control the growth increased from 60 to 73.1g after 20 days. This might be due to the 45 presence of moderate amounts of micronutrients in the diluted effluent that stimulated the 1 plant growth. However, the excessive level at higher concentrations could result in stunted 2 growth. 3 4
Effect of sugar factory effluent at different concentrations on total amino acids, protein and 5 chlorophyll content of the aquatic plants (water hyacinth and water lettuce) were observed 6 and the results are given in Fig. 2c and d. The above parameters at different concentrations 7 of the effluent were found to be very low when compared to the control. The amount of 8 amino acid, protein and chlorophyll content in the aquatic plants decreased due to the 9 increased concentrations of sugar factory effluent. Owing to the toxic nature of the effluent, 10 the leaves of the plants were affected by decreased photosynthetic rate. As a result of higher 11 BOD, the photosynthesis of aquatic system was also affected (Rao et al. 1993 ) and reduces 12 the growth parameters of the plant. Dry weight of water hyacinth and water lettuce showed 13 high value in the control that was 640 and 350mg respectively. Dry weight was 14 significantly decreased when the effluent concentration was increased (Table 5 ). 15 16 The study concluded that that the physico chemical parameters like BOD, chloride, 17 alkalinity, hardness, calcium, magnesium, sulphate and phosphate were found to be 18 relatively higher in the sugar factory effluent and they severely affect the plant growth. 
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